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,SUMMABT 

Presented herein is an analysis of parallel flow and 
contraflow single pass Kent ezobiD^eri, together with 
charts vhieh allow the direct evaluation of -the thermal 
performance of such units without recourse to trial-and- 
ermr techniques. The -Use of ■ t he. .cq-iat ions and charts is 
illustrated by several examples. Ths analysis indicates 
that one of the frequently static" i ^utriot ions on "the use 
of the logarithnic mean t euper -.r.ure aiif?renoe - that is, 
that the exchanger must he perfectly insulated - is not 
always necessary. 

SYMBOLS 

A area of heat transfer surface, ft" 

e T j a heat capacity nf air at constant 1 ur^ssure, Btu/lb °7 

c _ heat capacity' of exhfust ras at connt«nt pressure, 
Pp Btu/lb n F' ' ' 

ratio of the enerpy transferred thrmiph the heat 
transfer surface to that gained by fluid a 

I ratio of the energy transferred throuph. the heat 

■ ' transfer ■ surface- to. thAt* lost bv fluid ■* f 

q.- rate of heat tr-ansfet through surface separating hot 
and cold fluid, Btu/hr 

q a '" rate of heat gain by pas, a, Btu/hr \ 

q^ rate of heat transfer from -pAa -p a Btu/hr.. 

q, " rate of heat transfer to surroundings frnn fluid a, 
. a' " " Btu/hr 
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q, rate of heat transfer to surroundings from fluid g, 
r Btu/hr 

U over-all conductance, Btu/hr ft 3 °P 

(UA) over-all conductance, Btu/hr °P 

x coordinate measured along path of fluid flow, ft 

t mixed mean temperature of fluid a at any point x, °P 

T al mixed mean temperature of fluid a at- point 1 of 
exchanger (bob fig. 2), °F 

T aa mixed mean temperature of fluid a at point 2 of 
exchanger (see fig, 2), °F 

T mixed mean temperature of fluid g at any point x , e F 

T gl mixed mean temperature of fluid g at point 1 of 
" exchanger , °F 

Tga mixed ice&n temperature of fluid g at point 2 of 
exchanger , °J 

K a W a Cp UA 

$ function of - — - — and - — for a contra- 

K g W g c P g K a w a c p a 

flow single pass exchanger, defined "by equation (13). 

$ p function of - ft '.a — Ea an a IL& f or a parallel 

K g W S °Pg K a w a c p a 

flow single pass exchnnger , defined by equation (9). 

DISCUSSION 

Consider the diagram shown in figure 1 in which heat 
is being transferred from fluid g to fluid a. Heat is 
teing transferred also to the surroundings from each fluid. 

Let dq = rate of heat flow through surface separating 
the cool fluid (a) and the warm fluid (g) 

dq la = rate of heat transfer from fluid (a) to 
surroundings 

dq, = rate of heat transfer from fluid (g) to 
s surroundings 



A heat balance yields: 
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dq = dqja + V a c p& d T & (l) 

dq = dq^- W g c pg d ( 2 ) 

alnoe d T is a negative vulue, 

The above equations may "be written as: 

dq « K a W a Cpa d T r (3) 

where K A - /l + -Si 2 ^ (U) 

V *a c pa d T ft y 



(K ft is a number greater than or equal t« 1,) 

and dq » - K^ V p c pg d T g (5) 

where K p - (l ^ (6) 



(K_ i3 a number greater than ri equal to 1.) 
t» 

The ratios K and K bo definfid as follows: 

a I-, 

K a = the ratio of the enj^f;* fcrnnsf erred through the 
heat transfer svf 'ce to that pained b7 the 
cold fluid (r). 

Kg = the rati., rf thf ea^rpy transferred through the 
heat transfer surface tr that transferred 
by the bet fluid (g). 

If the na-nitudeo of K ft and K f are constant along 
the length of the heat exchanger j that is, the transfer of 
heat to the surroundings is a fixed fraction of the net 
rate of heat transfer to the correspond ing fluid, the ef- 
fect is exactly equivalent to changing the heat capacity 

of the fluids from o B „ and e_ to K e "nfl K c , 

**a pg a p g p - 

as may be seen by means of equations (3) and (5). If the 
ratios K R "*nd K g do not differ too rrRatly from unity, 
even though they may vary with length to seme extent, an 
avsrape magnitude of K ft , K p may be -utilized with small 
error. For these conditions the logarithmic mean tempera- 
ture difference may be used with confidence. 

Hesselman (reference l) has treated this -problem by con- 
sidering tbe heat transfer to the surroundings to be in*- 
de-pendent of exchanger length the magnitude of v-hieh is 
added to n r subtracted from the net rate of heat transfer 
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of the corresponding fluid. The resulting equations are 
somewhat complex. 

Expressing equations (3) and (5) In terms of the 
over— all thermal conductance (UA) the" following equation 
(see references 2, 3, and 4) is obtained: 



.„( — 1 + __i ^ 

^a "a °p a *g "g °VgJ 



aA - d(T * - V 

< T g - T a> 



When this expression is integrated with respect to A and 
(t — T ), one ohtains the exponential function of the tem- 

perature differences at the entrance, to the heat exchanger 
(point 1) and at the exit end (point 2) 



T ga — T aa 



/ — 1_ + — 1_\ 

y K a w a c p a K g w g c j> g J 



(UA) 



From this equation the rate of heat transfer through the 
surface separating flulde a and g can he written 

* S W « c P g / K a W a °p a 



1 = K a W a c p a ^ T gi- T ai) 



3 - e 



(7) 



where the specific hents c-„ , c B in equation (B17) of 

^a ^g 

reference 2 have "been replaced hy K a c p& end Z g c p . 
The ahove equation may he written as: 



1 = * a W a c pa (T gl - T al ) 4)p 
The function (references 3 and 4) 



Kft "„ c 



UA 



(8) 



Pa 



*p - 



is plotted 



- 1 + 



K a "a °p, 



UA 



1 - e 



K S W g C P- / K a W a~ c i 
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(x ♦ '* '* °Jt*\ 



n figure 3 



(9) 



It may "be demonstrated readily that equation (7) is 
exactly equivalent to the well-known form; 



q - UA 



< T gi ~ T ai) ~ (T ga - T aa ) 



In 



( 7 *l T T a.\ 



UA At 



Im 



(10) 



A procedure similar to that outlined ahove yieldB the 
equivalent expressions for contraflow, single pass exchang- 
ers . These are : 



* 3 K aW a o Pa ( T gi-T al ) 



1 - e 



K a w a c p a 

K e w e c P g 



UA 



*a "a =P ( T S i " T Bl > * 



Jt e w e c p i? ' 

)" 



(ii) 



K a *a o 



C I K g W g c P g ' *a "a c Pa 



(12) 



where 





"a 




UA 






w e 


\ J 


a a 


°Pa 




K a 






UA 


. — e 











E W c_ 
g g P g 



(13) 



Equation (13) is plotted in figure U. It may 1>e 
readily shown again that equation (11) ia exactly equiva- 
lent to the expression utilising the log mean temnerature 
difference (equation (10)). 

Equations (7) and (11) have the prreat advantage ef 
"being explicit solutions for q, while eauation (10) re- 
quires a trial-and-error solution. 

The net thermal energy gained by fluid -a and trans- 
ferred from fluid g is readily obtainable from the 
amount vhich ia transferred through the surface whioh 
separates fluid a from fluid g: 

K_ 
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In double tu^e, single -bass, gas-air heat exchangers, 
if the air ia in the central tube, E. = 1, Y._ < . 1 . If 

the air is in the annular space, Kg = 1, K ft ' > 1. 

Inspection of figure? 3 and U reveals that, far the 
usual ranpe of r«ria"blcq found in exhaust gae-air heat 
exchangers, there is little, pur^riority o.f the contraflow 
arrangement over the parallel flov arrangement. 

The jrer-all condr.ctanpp UA for p certain unflnned, 
■parallel flov, 3ir?l"* ras-j. double tu^e heat exch^.ng?r is 
250 Btu/hr The ovr-all conductances UA for smooth 

tubeq iray "bo d e 0 nrmiii^d fronj eq-iations (l^), (15), (l6), 
and (17), or fro:.i cha_*t 3 of reiPience It should be 

mentioned h.'re tl.at the equations for finned tube, pre- 
sented in rufe?. "7-.ee 0 assume that the velocity of the 
fluid past t're ^irs ua^ bs outlined by dividing the rate 
of flow (cu it iD«-.i sac) "by the nut cr o«"- s-soct i oaal ar^a 
of the tu^e (eq ft). Ibis result mav "he fnr fron e^act 
in the region of the firs if tin fins are v^ry clone to- 
gether and cccuoy a <?uall vrceni'-age of the tocal croaf»- 
sectlonel aipa, L-eca'is.* mom of +he air will flow through 
the space not occuoi^d by the fins. 



The following three examoles illustrate he*» figures 
3 and U may "be enploy^d to determine the heat transfer in 



single pass, parallel flow or contraflow heat exchangers: 

The rate of ventilating air flow, W a e 2000 lb/hr 

The rate of exhaust gaa flov,. o 6000 lh/hr 

Temperature of exhaust gas entering exchanger, 
T = 1600° F 

Temperature of ventilating air entering exchanger, 
T ai = 0° J 

The air flows in the annular suace, and it is esti- 
mated that 10 percent* of the heat transferred through the 
heat transfer surface is transferred to the surroundings t 

that is, K_ --— ■ 1.11 and K_ = 1 . 

a 0.90 e 

Determine : 

1. The rate of heat flow through the transfer surface 

2. The rate at which thermal energy is gained "by the 

air 

3. The ansvers to questions 1 an? 2 for a -perfectly 

insulated heatrr 

4. The anpvers to durations 1, 2, and J. for contra- 

flow conditions 

Solutions : 

(a) The ratio 
K a W a c p a l.li x 2000 X 0.241 

- — = — 7"~ = O.335 (dimensionless) 

Kg W g c Pg 1 x 6000 x 0.267 

(h) The ratio 

2^ = 25Q = 0.466 (dimensionlees) 

E a W a c p a x 2000 * 0.2U1 

(c) The product - 

(t_ - T ) K ft V ft « = 1600 X 1.11 X 2000 x 0.2^1 

* 855,000 Btu/hr 

•This amount usually can he calculated from a considera- 
tion of the appropriate resistances. 
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Trom figure 3 



«p - O.3U6 



Thus q = O.3U6. x 855,000 = 296,000 Btu/hr trans- 
ferred through the heat transfer surface. 

The air gains heat at a rate equal to: 

a = 222200 w 266> 000 Btu/hr 
a 1.11 



If no heat transfer to the surroundings had occurred, 
1.11, t 



K ft = 1, instead of 1.11, and 



K g W 6 C P* 



Pa = 0.702 



Thus 



0<51g 

K a w a c p a 



0 p = O.37S 



q = q D = 1600 X 2000 X 0.2^1 x O.378 = 292,000 Btu/hr 

The rate of heat transfer through the surface separat- 
ing the two fluids is practically independent of small 
rates of heat transfer to the surroundings. The slight 
decrease in q (2 percent) in the case of the adiabatic 
exchanger follows from the reduction in log mean temnera- 
ture difference resulting from the absence ©f heit trans- 
fer to the surroundings. 



For a contraflow exchanger from figure U 

$ with heat transfer to surroundings = 0.357 
c 

Thus, q = O.357 x 855,000 = 306,000 Btu/hr 
■ q a = 275.000 Btu/hr 
4> c with no heat transfer to surroundings = O.389 



q = q a = 300,000 Btu/hr 
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ThuB the increase in thermal output due to contra- 
flow, over parallel flow, is about 3 percent, for the con- 
ditions stated. - 

The mixed mean temperature of the fluids leaving the 
exchanger for any of the conditions stated, of.. course, can 
he readily calculated. 



CONCLUSIONS 



1. The use of the logarithmic mean temperature dif- 
ference as the heat flow potential in exchangers which 
have heat flow to the surroundings is Justified when this 
flow of heat is constant along the length of the exchanger 
or when it is variable with length hut is small. 

2. Heat transfer in single pass, parallel flow or 
contraflow heat exchangers may be computed directly with 
the aid of the equations and curves given. 

3. For the case of a 'heat exchanger utilizing the hot 
exhaust gases from an airplane engine, very little advan- 
tage is gained by using the contraflow arrangement. 



University of California, 
Berkeley, Calif. 
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FIGURE I. HEAT BALANCE 




Parallel Flow 




Contra Flow 



FIGURE 2. FLOW DIAGRAMS 
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FIGURE 4. FUNCTION * c FOR SjNGj-E PASS 
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